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A mixture is proposed for the production of fiber-c6ntaining,.preferably hydraulically 
bound molded articles, especially according to the wet method^ that contain in the conventional 
manner at least one binder, ceDulose fibers and optionally other fibers, espedally organic 
synthetic fibers and/or fibrids, as well as optionally reactive and/or inert moigamc fillers, as well 
as optionally tempering water, in which cdhilose fibm directly treated with at least one known 
hydrophobizdng sizing agent for cellulose fibers and/or cellulose fibers m addition to at least one 
sizing agent for cellulose fibers that binSs cellulose fibers are.pres^it, as well as the use offliis 
tnixture in a method, especially a wet method, to form molded articles in which the pressed or 
unpressed molded articles are subjected before, during or afi^ setting to curing at temperatures 
up to about 220**C, especially between 60 and 1 80*^C, during a period of up to about 45 h, 



especially 8 to 40 h, and finally the molded articles are fonned from the mixtures, preferably 
according to the stated method. 

The invention concerns a mixture for the production of fib«:-containing, preferably 
hydraulically bound molded articles, especially according to the wet method, which contain m 
the conventional manner at least one bind^, cellulose fibm and optionally other fibers, 
especially organic synthetic fibers and/or fibrids, as well as optionally reactive and/or inert 
inorganic Qllers, as well as optionally tempering water, as well as its use and molded articles 
formed from it. 

Such material noixtures, also calleid charges, can contain the conventional additives and 
auxiliaries, like plasticizers, setting controllers, especially setting acceleratocs, flocciileats» 
elastiiying agents and/or the like, in addition to binders, fibers and/or fibxids and optionally 
fillers. All these known and subsequently explained components are not to be considered as 
absolutely encompassed by the above defim'tion of the mixture. 

These mixtures, if they cure hydraulically, are tempered at least with the necessary 
amount of water and, during the wet method, aft^r preliminary drainage, are subjected to 
shaping, ia which a compression process optionally occurs and the molded articles are allowed to 
cure, in which case process heat is preferably supplied from the outside and/or hard^ung heat is 
stored and the molded articles can also be cured in a moist atmospheare and tmd^ increased 
pressure. 

For example, preshaped boards are arranged on impact plates, the loaded impact plates 
are assembled into a stack, the stack is tightened together and then heat cured in an autoclave. 
Additional possibilities are the simultaneous action of compression and heat, in which the action 
of heat can begin ah^dy before the action of pressure in particularly fevorable fashion, for 
e;xainple by using preheated impact plates; loaded molding plates and molding plate stacks 
without pressing can also be nsed and curing carried ou^ fbr sample, in a tunnel furnace 
without excess pressure. 

The use of diff^ent fiber types and reactive and nonreactive fillers is known and has 
been investigated in a variety of ways. For example, AU-PS 515 151 describes an asbestos-fi^e 
mixture for the production of fiber cement products that consists of c^ent, SiOi and cellulose 
fibers^ in which 6*12, especially 8 wt% cellulose fibers are preset, at least some of whidi are 
fibrillated so that the fiber additive overall has'a freeness (beating degree) of 350 to 600 Cs£ Hie 
mixture is processed wet and cured, for example, in an autoclave. 

EP-A 0 068 742 (corresponding to GB-A 2 105 636) concwns a method for the 
production of asbestos-free molded articles, for example, a cladding or roofing plate, in which an 
aqueous suspension is formed duririg drainage, which contains, with respect to dry substance, - 
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50*90% cement, S-40% highly reactive pozzolanic silica and 5-15% cellulose fibers and in which 
a reaction between the cement and the silica is allowed to occur by air curing. Untreated 
cellulose fibers are used and 18-35*" SR is stated as freeness. 

A highly reactive pozzolanic silica, one with at least 80%.SiO2 content and preferably 
with a BBT surface area of at least 15,000, especially at least 25,000 ra^/kg, is proposed. Use of 
such silicas as an additive to conventional cQncrete, as well as the pozzolanic reaction between 
the Ca(0H)2 liberated during hydration of the cement and the silica is already well known. The 
molded articles according to EP-A 0 068 742 can contain additional reinforcing fibers^ as well as 
powdezed, granular or flake-like or laminar fillers, fiiorganic fibers^ for example, glass or nuneral 
wool fibers, and organic fibers, for example, polypropylene fibers, are mentioned as reinforcing 
fibers. 

The molded articles according to EP-A 0 068 742 can, if necessary, be pressed to 
increase fiieir density and aie then heat cured. For this puipose^ the molded articles are fed either 
through an at least 60^C heating tunnel and a relative atmospheric humidity of at least 85% with 
a residence time of preferably at least 24 h or cured in air merely by the liberated heat of 
reaction. In the latter case, sealing and heat insulation of the plate stack is recommended in order 
to prevent heat and moisture losses. 

A sanilar method is described in E]P-A 0 127 960. Fiber-reinforced molded articles with a 
density of at least 600 kg/m^ for emapte, flat or corrugated boards, are produced therein which 
an aqueous suspension that contains (with respect to dry substance) 5 to 30% fibers, at least 5% 
of which are cellulose fibers, 15 to 50% uhrafine silica dust with a qwcific surface area of 5 to 
200 mVg, and 20 to 80% lime and/or a lune-containing material, as well as 0 to 40% additive^ is 
prepared and during drainage green compacts are formed 6om it,' which are then dutoclaved, 
optionally after pressing and precuring. Mataials that liberate lime in the presence of water, like 
Portland c^ent, are moationed as "lime-containing jnateriaL" Synthetic inorganic fibers, like 
mineral wool, glass, carbon and steel fibers, synthetic organic fibers, like polyester, polyvinyl, 
polyvinyl alcohol, polyethylene, polyacrylonitrile and polyacrylamide fibers and natural organic 
fibers, like celhilose fibws, are mentioned in addition to the cellulose fibws that absohitely must 
be present. 

FiUers, like mica, vermiculite, kieselguhr, perlite, expanded clay, diatomite and ground 
quartz, silica-containmg sand and fly ash, colorants, agents for waterproofing, setting and curing 
accelerators, like calcium chloride and aluminum sul&te, flocculents and dispersants, filter 
substances, like woUastonite oystals, organic and inorganic plastidzers and fiber dispersants, 
like hydrophilic inorganic colloidal particles, like hydrophiHc silica with a specific surfece area 
greater than 100 mVg, as well as treated or untreated cplfeidal particles, are mentioned among 
the optionally present additives. 
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Autoclave treatmeat occurs accordiDg to £P-A 0 127 960 at temperatures between 100 
and 240*^0, preferably 130 to IPO^'C; die green molded articles, in which supports, blocks, tubes 
and flat or corrugated boards are mentioned as molded articles, can be pressed, i.e., subjected to 
mechanical pressure treatment, and precured, especially at 20 to lOO^C and a relative 
atmospheric humidity of 60 to 1 00% for 6 to 24 h. 

All these proposals go in the direction of replacing asbestos fibers with replacement 
fibers in which the fiber additives, on the one band, are to be considered in their effect in the 
finished molded article, and, on the other hand, in their effect as process fibers, i.e., thdr effect 
during production of the molded articles, especially in the wet me&od. 

It has turned out in experiments along these lines that of Ae replacement fibers, cellulose 
fibers are the most conq)arable to asbestos fibers; plastic fibers yield a higher impact toughness 
in the finished product than cellulose fibers, which, however, exhibit better properties as process 
fibers. 

On the other hand, it is known diat all mmly physically bound watw in fresh concrete is 
up to 1 00% recovered as pore volume in cured concrete and it is bofli practically and 
tfaeoretioally impossible to produce pore-firee concrete;, since even chemically bound water after 
hydration is completed leaves behind about 25% of its original volume as pore volume. 

In lugb'Cellulose fiber-containing fiber concrete molded articles, a poor suitability for 
external use and high porosity was found; cellulose fibeirs inigjit also still have the property in the 
cement matrix of absorbing moisture and releasing it, and loosening and bursting of the matrix 
were observed, which suggest this property, since strong swelling of the fibers is always 
cotmected with moisture absorption, especially in an alkaline medium. 

The task was tfaer6fi)re to modify celhilose fibers so that, on the one hand, they entrain as 
little physically bound water in the fiesh concrete as possible with retained binder ret^on, so 
that no pore spaces form around the fib^ and, on the other hand, the fibers exhibit no tendency 
to swell in the matrix x;onq>osite. 

To solve this tasl^ it is proposed according to the invention to use cellulose fibers directly 
treated with at least one known hydrophobizing sizing agent for cellulose fibers in the nroduction 
of fiber cement molded articles, optionally together with other ifiber additives and/or fiber-like 
additive like fibriSs, m which cellulose fibers so treated and/or cellulose fibers in addition to a 
sizing agent that bonds to cellulose fibers are present in the mixture. 

D£*PS 3 423 286 does not concern a mixture for the production of hydraulically bound 
molded articles, but a soft material surface sealing that contains as filler a mixture of pyrogenic 
silica with feldspar, precipitated silica and/or dolomite and has the form of a fibrous wdb that can 
contain 5 to 15 wt% sulfate pulp and is prebound based on latex (i.e., organically) 
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(nitrile-butadiene latex) and tben impregnated with liquid polybutadiene and the impregnation 
finally crosslinked by pooxide. 

DE-OS 28 29 759 concerns a mass based on mineral jBbers (SiOa) and silicate fibers with 
a content of clay (for example, kaolin) that is organically bound to so-called cardboard plates. It 
can contain 0.5 to 7 wt%, preferably 1 to 5 wt% cellulose fibers, with respect to dry substance. 
The cellulose fibers in these known plates have a completely diifermt puipose than in 
fiber-cement plates; the products cannot be compared. 

DE-OS 21 58 654 concerns a method for the production of cement-bound wood chips or 
similar boards in which water and cement is admixed with the chips, a blank is formed and this is 
pressed. This method (see for example die first paragraph on page 2 of the document) is not a 
wet method in the sense of the fiber cement technique. The proposal for increasing the str^gth 
of the fibeiboards produced according to the Gmnan unexamined patent ^plication involves 
addition of a mixed polymer dispmion (especially PVC mixed polymer) to the mixture of wood 
chips, cement and water. This mixed polymo" is not a cellulose fiber sizing agent, but fonns a 
resin coating on the chips that does have a certain water-repellant effect, but serves essentially as 
a binder, on the one hand, for the chips, so that the cement particles also adhere better, and, on 
the other hand, for the entire board, which peraiits a redaction in the amount of cement 

In similar fashion, D&OS 20 26 700, Hke DB-OS 21 58 654, concerns a laminated and 
compressed board that consists of ground and chopped reed grass to which wood chips or 
sawdust are added after spraying of a sizing mixture in the coiregponding desired density and are 
pressed. This is a dry method in which a nonhomogenous laminated product is produced and has 
nothing to do with a wet method for the foimation of a hydraulically bound fiber cement product 

DB-PS 846 524 cohcOTia a method for the production of fiber cement products, for 
example, an conventional Hatschek wet method in which pretreated cellulose is used. For this 
purpose the cellulose fibers are first coated essentially with resins that react with the hydroxyl 
groups of the cellulose. Hie aminoplastic resin stated for this purpose, Hke melamini^ urea and 
polyethylimme resms (probably polyethylmeimine resins correctly) leaict as cationic resins with 
the cellulose - for exaniple, melamme resin is a typical Greaseproof finishing for cotton fabric - 
but are not known in the p^per industry as sizing ageiits, but as retention, wet str^gtfaening and 
dry strengthening agents and have no hydrophobizing effect. This was also obviously recognized 
according to DE-PS 846 524, since it is stated there that after coating of the fiber with the 
mentioned resins, they can additiotudly be treated witli waterH:epell»t substances, in which 
rosin, the classic paper sizing agent, is mentioned as an «ample. 

DE-PS 846 524 therefore only discloses die use of ceOulose fibers in a wet m^od for 
the production of fiber cemrat products fiiat are first provided with a resin coating and then 
treated with a hydrophobizing p^er sizing agent Hie paper sizing ag&ii therefore serves for- 



hydrophobizing of the articles with a plastic surface (optionally cured beforehand and with little 
Joad-bearing capacity) which has a cellulose fiber as core. 

On the other hand, it is proposed according to the invention to treat cellulose fibers 
directly with a known hydrophobizing sizing agent for cellulose fibere; which represents a 
one-stage procedure with fiill retention of ttie load-bearing capacity of cellulose fibers and is 
neither disclosed nor suggested by flie prior art. 

CH-PS 636 831 Conceals the addition of an aqueous, anionic bitumen emulsion to fiber 
cement mixtures thai iaze processed according to the wet method and which can contam cellulose 
fibers in addition to mineral fibers like asbestos fibers, Itepiocedur© is such that the anionic 
bitumen emulsion is added to die formed fiber/cranent suspension in water, which must have 
increased stability so fiiat it does not break immediately because of the strongly alkaline medimit 
After breaking of the «nuIsion, die fine bitumen particles are distributed uniformly in die 
product so that a sealing ofkct occurs so that dq)cndaicy of ttie cellulose fibers to absorb 
moisture is counteracted. It is obvious that a bitumen emulsion is not a hydrophobizing sizing 
agait that bonds to cellulose fibers, as is prescribed according to the invention. 

In selecting the sizing agent, whidi is supposed to bond to flie celhilose fibera only during 
tempering of the mixture, a reactive sizing ajgent is primarily consid«ed, which is attracted to the 
celiulose fibers in an alkaline m^imi. 

Reactive sizing agents are also generally preferred tha* can be refefred to as internal ' 
sizing agents and react with spedfic cellulose groups and tfiere&re are not absorbed in arbitrary 
amounts on the fibers, at least not without using additional means. 

Internal sizing agents based on diketenes are proven to be particulariy effective, since . 
they are very alkaline-resistant and produce the same sizing. 

Such internal siziiig agents are £iown for cellulose fibers; die alkyldiketraes Aquapel 
360, Basoplast 200 D and Teroson GR.940 are mentioned as examples of commwcial dikej 
The diketenes, actually ketone dimm^ correspond to the geacni &xnxal^ 

I I 



in which R, and R2 independwitly of each other represent an organic hydrophobic hydrocrfxm 
group with 8 to 40 carbon atoms. 

The orgam'c hvdn^hobic hydrocarbon groups Rj airiRi^ which are suitable for sizing of 
cellulose mztensA, are those in which the hydrophotric group is a higher alkyi group wifli at least 
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about 8 carbon atoms, like decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, 
heptadecyi, octadecyl, tetracosyl and peatacosyl groups, and also high^ alkyl groups Qiat 
contain up to about 40 carbon atoms, if (iiis is desired, alfhou^^ those witb about 12 to 30 carbon 
atoms are preferred. The coxresponding alkenyl groins with about 8 to 40 carbon atoms are also 
suitable. Ex^ples include dccenyl, tridecenyl, hq>tadecenyl, octadecenyl, eicosenyl and 
tricosenyl groups. Aralkyl-, alkaryl- and alkyl-substituted cycloalkyi groups with at least 8 
carbon atoms can also be used, for example^ 4-t^-butylphj^yI, octylpheiiyl, nonylphrayi, 
dodecylphenyl, tridecylpbenyl, pentadecyl^heoyl, ootadecylph^yl, heneicosylph^yl, 
nonylcyclopropyl, dodecylcyclobutyj, tridcoylcyclopentyt, tdradecylcyclohexyl, 
pentadecylcycloh^tyl and octadecylcycloh^yl groups. Each of these alkyl, alkenyl, alkaiyl and 
alkyJcycloalkyl groups can contain noninterfering inert substituents. Among these inert 
substituents, ethdr, caiboalkoxy, aDcyloxy, aiyioxy, arylalkyioxy, keto{carbonyl)-tert-amide 
groups^ etc. can be motioned. As samples of groups that preferablycsfiould not ba{)res^t to a 
greater extent in the hydrophobic groiq>, hydroxy! g^ps, amide groups that contain amide 
hydrogen, primary and secondary amino gix>up8, unstable halog^ and carboxyl groups and 
other acid groups can be mentioned. It is obvious to diose sfdlled in the art which groups can be 
used, if undesired secondary rcactiozis are to be avoided 

Prefca^ably Rj and Ra mdepeodently of each other represent an alkyl group with 1 2 to 
30 carbon sitoixis. The ketene dimeis can also be a mixture of at least two of the aforementioned 
compounds. 

The ketene duners are prdduced cony^tionally, &r exaniple, by conversion of thionyl 
chloride and carboxylic acids that contain the aforementioned hydrophobic hydrocarbon groups 
in order to produce th^ coire^ndmg acid dUoxide, which are thai dimerized to ketene dimers 
by splitting off of hydrogen chloride. 

The ketene dimer group reacts with the hydroxy group of the cellulose molecules so that 
an irreversible bond results between thpt cellulose molecule and the ori^anic hydrophobic 
hydrocarbon groups in the ketene dim^ molecuies. When ketene dimers are added to an aqueous 
suspension b nttfUulusB fibei'j aii fc u c jll u J b uat m Jdffi fives, theket^e dimers lare'dispe^ed' hi ^ 
water by means of dispersants. 

It is also known that the yield during the reaction between ketoie dimers and cellulose 
fibers rises if the aqueous disoersions of ketene dimers contmn a cationic disoersant When these 
cationic dispersions are used, the ketene dimer particles acquire improved a£Giiity relative to the 
sliglitly negatively charged cellulose fibers so that the reaction yidd is improved. 

Any conventional water-soluble or water-dispersible catiomo polymers can be used as 
cationic disposants. These have thus fat been described as retenttoQ agrats, wet strength ag^ts 
or dry strength agents in paper production, and polyethyleneimine, polyacrylamide, 



polyvinylpyrrolidole, polyamide-polyamine resin or its epichlorohydrin-modified derivative can 
be mentioned as examples for the prefenred cationic^ water-soluble or water-dispersible 
polymers. Paiticularly favorable results were achieved with cationic polyvinylpyrrolidone, 
whereas cationic starch that is used in paper production very often as a cationic dispersant can 
adversely alfect setting of the cement matnx in the present context. 

The combination of ketene dimer and cationic dispersant can be modified to improve the 
yield during the sizing reaction in that alkylhydioxyalk}4cellulose is additionally added, whidi 
also acts as dispersant. The alkylbydroxyalkylcellulose incoxporated in the dispersal system 
preferably includes a wa!er*soIuble or water-dispersible cellulose witti a Brookfield viscosity in 
the range of 20 to 12,000 cP in a 2% solution at a tanperature of 20**C. As examples of 
appropriate types of cellulose, those in which the aDcyi group is a lower alkyl groiqp» preferably 
methyl or ethyl and in wfaidi the alkylhydroxy group is a hydroxy-lower alky] group, like 
ethylhydroxy or propylhydroxy group can be menticmedL The hydrocarbon chain in the 
bydroxyaUcyl group can also be intemipted by one or more oxygen atoms. It can also be 
expedient to use a mixture of these cellulose ethers. 

Cellulose fibers treated with ketene dimers can also be used very favorably as a fiber 
additive for fiber cement products, if a wat^'-soluble dicyandiamide/formaldehyde condensate is 
also used for the treatment whidi, for example, is obtained by conversion of dicyandiamide, 
formaldehyde and an ammonium salt so that the aqueous treatment phase of the cellulose fibers 
contains the ketene dimer, the condensate and one of die aforementioned cationic emulsifiers. 

Instead of or in addition to the aforementioned fennaldehyde condensate, a cationic resin 
can also be used which is the reaction product of qiidilorohydrin with a condensate fiom 
cyanamide or dicyandiamide and the polyalkylene polyamine. 

Likewise, instead of (m: in addition to ketene dimers, other hydrophobizing, 
cellulose-reactive sizmg agents can be used, for example, hydrophobic organic isocyaoates. The 
choice and adjustment of the components of the aqueous treatment phase is guided according to 
the resistance of the obtained "sizing" in the strongly alkaline reacting cement matrix, in addition 
to the hydrophobizing effect. 

Among the organic isocyanates, mostly those'having at least 12 and prefi^bly 14 to 
36 carbon atoms are considered. Examples include losin isocyanate, dodecyl isocyanate, 
octadecyl isocyanate, tetradecy] isocyanate, hexadecyl isocyanate, eicosyl isocyanate, docosyl 
isocyanate, d-ethyldecyl isocyanate, 6-phrayld6cyl isocyanate and polyisocyanates like' 
1 , 1 8-octadecyl diisocyanate and 1 , 12-dodecyl diisocyanate in which a long-chain alkyl ffoup is 
linked wi& two isocyanate groups. 
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The amount of pretreated cellulose fibers used in the mixtures according to the invention 
is not critical, but it was found that excellent pr(^erties of the composite matrix are obtained 
even with limited additives and low porosity is also obseived with lai^e amounts of additives. 

Particularly favorable results are achieved with chaiges diat have already incre^ed 
strength as a pure cement matrix, like tfiose containing condensed sifica. 

Particularly advantageous mixtures characterized by the fact that 1-4.5% fibers and/or 
fibrid, 50-80% binder,. 10-30% inert fillers and 5-20% reactive fillers, especially condensed silica 
are present in the dry mixtures. 

It was also surprisingly found that die mixtures according to tiie invention, e^ecially 
when they have a low fiber content, can be processed wet very &vorably and produce an 
excellent matrix composite of the molded azticle formed with it if they contain at least one 
nonfibrous plastic, especially in. the form of a dispersion, preferably with a solids content of 40 to 
50%, preferably a dispersion in an acrylic base. The content ihm lies eq>ecially in the range of 1 
to 8% plastic with respect to the dry mixture. For example, all plastic dispersions that can be 
added to cement in order to improve its processability and wet strength, as well as reduce the 
vulnerability to cracking and/or increase elasticity, are then suitable. For example, a 
plasdcizer-fi-ee aqueous copolymer dispersion fiom an aa:^c add ester and styrene with a solids 
content of about 50% is suitable. Pure acylate dispersions or nonionic self^ro^linking, pure 
acrylate dispersions with a solids content between 40 and 50% can also be used. Nonionic or 
anionic dispersion have been shown to be advantageous. In die case of self^rosslinking pure 
acrylate dispersion, specific catalysts based on oxalic acid or p-toluei^ulfbnic acid can be used 
to improve crosslinking. The addition of dieth>4amino^anol is also advantageous. Mowilith is 
mentioned a$ commercial product for vinyl acetate dispoisions and Neo-Cryl for acrylate 
dispersions. 

These plastics are not the ones that are conventionally used for plastidzation of 
water/cement mixtures (for example, "plasticizers" or "sup^plastidzers*"). 

In addition to pretreated cellulose fibers, synthetic fibers, especially polyvinyl alcohol 
fibers and/or polyacrylonitrilo fibers are optionally used in the mixtures used according to Oie 
invention as fiber con^onents. Poiyolefin fibers, like polypropylene and polyethylme fib^ as 
well as polyaramid fibers, can also be used. 

Cellulose fibers are then understood to mean all those fibers without consideration of the 
type of fiber recovery. Hie following are motioned as samples: 

CeUulose fiom 

- hardwood ) 

) wood fibers, espedally softwood sulfate pulp (kraft pulp) 

- softwood ) 



- jute 
-hemp 

-flax 

- ramie 



base-stem fibers 



• sisal 
abaca 



leaf fibers 



wood chips 

refiner (mechanical) pulp (MP) 
theimomechanical pulp (TMP) 
recycling products like scrap paper or paperboard 

The term synthetic fibers employed in conjunction with the mixtures according to the 
invention includes all organic and inorganic fibers, like polyacrylonitrile, polyvinyl alcohol* 
polyethylene, polypropylene, glass^ caibon or ceramic fibers. The length of these fibers 
advantageously lies between 2 and 8 mm. They are more suitable the fliinner their diameter. 
Fibers with a diameter between 10 and 100 ^m are now used. However, fbe use of thinner fibers 
is also conceivable. 

The addition of fibrids to cement mixtures, especially fiber cement mixtures, is already 
described, among other places, in AT-PS 355 486; their definition can be taken torn this 
document Organic fibrids are at issue in particular. 

2-4.5% cellulose fibers and 0.5-3.0% polyvinyl alcohol and/or polyacrylonitrile Sbeis are 
present in particular in the nuxtures according to the invention. 

When fibrids are used, mixtures advantageously contain 0.5-1 .5% fibrids, 2-3.5% 
cellulose fibers and 0-1.5% synthetic fibers. 

It was also found that very favorable processing and matrix properties are obtained by the 
use of pretreated cellulose fibers that are additionally loaded with an inorganic fill^. in which 
loading advantageously occurs before sizing. 

All reactive or nonreactive fillers m the system are considered as load fillers, which can 
also be used as additives to Uie matrix, f<H^ sample, magnesite, limestone flour, quartz flour, 
blast furnace slag, trass^ brick dust, wollastonite, montmorillonite^ bentonite, vermiculite and 
condensed silica, in which the particle size of the filler lies roughly in the range of conventional 
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cement finenesses, but finer or coarser products are also possible. Finely divided products are 
prefeired for fiber loading. 

Condensed silica (CSF- condensed silica fiime) is an industrial dust-ltke metallurgical 
waste product that has already been proposed in the cement/fiber c^eint sector firom Si 
metalhirgy; usually with SiOz contents betwera 75 and 99% and a specific surface area (BBT) 
between 1 5 and 30 mVg and it has turned out that it provides very favorable results in the context 
of the mixtures according to the invention for loading of fiber materials^ especially cellulose 
fibers. In. cellulose fibers not only the fibers can be enclosed with a finely divided fill», but also 
their internal lumen can be loaded according to the so-called liunen loading process. During the 
' use of CSF one proceeds in that the cellulose is first beaten to about 20^ SR to 3S^ SR and part 
(about double the weighed amount of dry fibers) CSF is added to the fibers suspraded in water 
and agitated under high turbulence. Under these conditions, part of the silica dust particles, 
among other tilings, through die bordered pit, penetrates into die lumen of the cellulose fibers 
under these conditions. By this type of treatment (lumen loading), the fiber is not only enclosed 
on the outside by CSF, but also filled in the interior. Because of ttiis the lifetime of the cellulose 
fibers in (he product can be lengthened, namely, its acid character means that the immediate 
surroundings of the cellulose fibers have a lower degree of alkalinity. The degradation of the 
cellulose fibers observed with entry of air in a strongly alkaline medium is slowed because of 
this. It could be determined by laboratory experiments that the cdlulose fibers had absorbed xsp 
to 20% of their own weight of sifa'ca particles in their lumen. 

Fixing agents for the filler and in the fiber can be used, for example, flocculents, like 
aluminum sulfate, optionally together with conventional, especially neutral to anionic 
flocculents. Anionic polyacrylamides (for example, Percol ElO irom Allied Colloids or AP45 
firom Dow Chemical) are preferred as flocculents, whidh can also be used in general as 
processing auxiliaries in the wet method. 

For sizing, the cellulose fibers are beaten and treated usually at 20-35^ SR with flie sizing 
agent. Advantageously, they are dried after treatment and used as a dry fiber component in die 
production of the mixtures according to the invention. The fibers then need only be beat^ 
further, i.e., finely divided. A particidarly advantageous way to i2se sizing agents in treating 
cellulose fibers and fib^ cement mixtures is one in which the sizii^ agent is first added during 
production of the fiber cement diargeip in which case sizing occurs, so to speak^ in situ during 
tempering of the char^. It is also possible to cany out treatment with the sizing agoit during the 
production process for the celhilose fibers, especially before their final drying in the course of 
drainage. 
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Hydraulic binders sre preferably used as binders, i.e., especially tfiose that contain Kme 
or liberate lime. Among the cements, flicse include portland canait, metallurgjcal cement and 
alumioate cement. Gypsums and magnesium oxide binders can also be used. 

As already mentioned, mixtures according to fbs invention can also contain conventional 
additives and auxiliaries, for example, setting accderators or r^arding agents. The drained 
products can be pressed but need not be. During curing, heat can be applied to accelaate the 
chemical reaction between the caldum hydroxide and the CSF. It depeads on fee correqwnding 
process whether temperatures are chosen below lOO'C or above 100»C (autoclave). However, it 
is important that the relative humidity is more than 95% locally. It is also possible to place 
boards fw curing in water of 40 to PCC for a specified time, for example 8 to 48 h. 

It was also already mentioned at die outs^ that the mixtures according to the invaition 
can be processed according to all known and cranmon methods in the field of fibw cement 
technology, and the most significant of these methods were listed. In particular, one proceeds in 
that the pressed or unpressed molded articles are subjected to curing at temperatures up to about 
220*C, especially between 60 and 180°C for a period of up to about 45 b, espedany 8 to 40 h 
before, during and/or after setting. 

The molded articles subjected to die action of heat for s^g can also simultaneously be 

subjected to pressing. 

The molded articles can also favorably be pressed and then set in a heat column. 

TypicaUy, flie molded articles can be brought between heated molding plates for setting, 
in which pressing optionally occurs via diese plates. 

The heat and optionally pressure treatment can also occur in the conventional manner on 
molded articles stacked between molding plates. 

Typical compositions for mixtures according to die invention are as follows: 

Total contait of fibers and/or fibrids (for example, 

cellulose fibos or a mixture of sulfate pulp with one 

or more synthetic fibers and/or fibrids) up to 30%. especiaUy 1.12% 

HydranUc binder 50-80%. espedaUy 55-80% 

Filler, mert ' 10-30% 

Filler, reactive (CSF) 5-20% 

Plastic "P ^ 

The following expaiinents were run to show Uie use of pretreated cellulose fibers: 



Employed materials 

- Softwood sulfate pulp, beatm in a PFI mdt to 25' SR . 
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• Commercial aqueous alkyldiket^e dispersion: Basoplast 200D containing about 6% 
alkyldiketene 

- Tap water: 4-5** Gennan hardness 

• Cement water: tap water was mixed with 1 0 wt% commercia} portland cement PZ 275H 
for 1 2 h, the solids allowed to settle and the clear water filtered 

• Cement: commercial portland cement PZ 27SH was used 

Experiment I: 

30 g cellulose were agitated with a 5% alkyldiketene suspension at 3% stock density for 
10 min, made up to 0.5% stock density with cement water and agitated for 1 h. Sheets were then 
made on a Rapid Kothen sheet former with cemCTt watjo- and dried in vacuum at 53^C. 

The sheet so formed had ink penetration times of more than 1 h during testing for the 
degree of sizing according to Brecbt Lieb^ (an automated ink floating test). Similarly made 
sheets without alkyldiketene additives bzoke through within a toith of a second. 

Experiment 2: 

Production of fiber cement boards: 

0. 05 g of a commercial aqueous alkyldiketene suspension with about 6% alkyldiketene 
was added to 10 g of cellulose of 35° SR suspended in about 500 mL water and 120 g cement 
stirred in after 2 mxn of agitation. The obtained mass was drained over a screen press, the fonn 
molded articles stored in an enviionment at 20''C at 95-100% relative humidity for 28 days. 

For a comparative experiment, molded articles were produced according to the method 
just described, but addition of the diketene suspension was omitted. The wat^ absorption was 
tested on the hardened samples. It amounts to 24% m the samples without diketene and 1 1 .5% in 
the samples with diketene. 

Claims 

1. Mixture for the production of fib^-conCaming hydraulically bound molded articles 
according to fte wet method, which contams a lune-containing or lime-releasing bind^ , 
surface-treated cellulose fibers and optionally oAet fibers^ especially organic synthetic fibers 
and/or fibrids, as well as optionally reactive and/or inert inorganic fillers, as well as optionally 
tempering water, characterized by the fact that cellulose fibers treated directly with at least one 
known hydrophobizing sizing agent for cellulose fibers and/or cellulose fibers in addition to at 
least one hydrophobizmg sizh^ agent £>r cellulose fibers (hat bonds to ceUulose fibers are 
present in the mixture. 
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2. Mixture accoiding to Claim 1, charactaized by the fact that cellulose fibers treated 
with at least one sizing agent that produces a sizing that is resistant in an alkaline medium and/or 
cellulose fibers in addition to at least one sizing ^ent for cellulose fibers that is reactive and 
bonds to cellulose fibers in an alkaline medium are present, in which those based on diketene are 

used as the sizing ag^t. 

3. Mixture according to Claim I or 2, characterized by the fact that up to 30%, preferably 
] to 12%, especially 1 to 4.5% fibers and'or fibrids, 50 to 80% binder, 10 to 30% inert filler and 
5 to 20% reactive fiUer, especially condensed silica, are present in the diy mixture. 

4. Mixture accoiding to one of Claims 1 to 3, chaiactwized by the feet that iq) to 8% of at 
least one nonfibrous plastic, eijpeciafly in the form of a disptmon, preferably with a solids 
content of 40 to 50%, preferably a dispereion based on actylale. is present in flie dry mixture. 

5. Mixture accoiding to one of Qaims 1 to 4, diaracterized by the fact that polyvinyl 
alcohol fibers and/or polyacrylonitrile fibers and/or polyoiefin fibens and/or polyaramid fibers 
are present in addition to cellulose fibers. 

6. Mixture according to one of Claims 1 to 5, diaracterized by the fact Uiat 2 to 
4.5% cellulose fibers and 0.5 to 3.0% other fibers, especially polyvinyl alcohol and/or 
polyacrylonitrile fibers are present. 

7. Mixture according to one of Claims 1 to 6, characterized by the fact fliat 0.5 to 1.5% , 
fibrids. 2 to 3.5% cellulose fibers and 0 to 1.5% synthetic fibers are present 

8. Mixture according to one of Claims 1 to 7. characterized by the feet that cellulose 
fibers loaded wifli a fiUer, especially condensed silica, are present. 

9. Mixture according to Claim 8, characterized by the fact that cellulose fibers loaded in 
an aqueous suspension under high turbulence with a filler, esqpecially condensed siUca are 
present, which are optionally additionaUy treated with a fixation agent, preferably with 
aluminum sulfete as flocculent, especially together with a neutral to anionic flocculenl, 
preferably a polyaoylamide. 

10. Method, especially wet method, for (he formation of molded articles using the 
mixture according to one of Qaims llo 9 in which the pressed or unpessed molded articles are 
subjected to curing at temperatures up to about 220'C. especially between 60 and 180»C, during 
a period of up to 45 h, especially 8 to 40 h, befi>n^ during and/or after setting. 

11. Method according to Claim 10, in which molded articles subjected to the action of 
heat for setting are simultaneously subjected. 

12. Method accordmg to Claim 10 or 11, in which the molded articles are pressed and 

then allowed to set in a heating tunnel. 
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1 3. Method according to one of Claims 10 to 12, in which the molded articles are 
introduced between heated molding plates for setting during which pressing optionally occurs via 
these plates. 

14. Method according to Claim 13, in which heat and optionally pressure treatment 
occurs on molded articles stacked betwewi molding plates. 

1 5. Molded articles formed from the mixture according to one of Claims 1 to 9. 



